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Hair folliclesHair keeps the scalp warmer and slightly moister than the rest of the skin, which contributes to a favorable
environment for mycotic, bacterial, and parasitic infections. It is well established that AIDS makes the patient
more susceptible to opportunistic infections and cutaneous manifestations. Because of this, the aim of this
study was to analyze scalp fragments of autopsied women with AIDS. Twenty-eight scalp samples of women
aged between 18 and 46 years were observed. These women were divided into 2 groups: with AIDS (n = 14)
and without AIDS (n = 14). We conducted histochemical (hematoxylin-eosin, Picrosirius, and Verhoeff),
morphometric (Image J; National Institutes of Health, Hamilton, ON, Canada and KS-300 Kontron-Zeiss;
Kontron Elektronik, Carl-Zeiss, Germany), and immunohistochemical (S-100) analyses of the scalp. In
patients with AIDS, epithelial thickness, number of epithelial cell layers, number of immature Langerhans cells
in the epidermis, and percentages of elastic ﬁbers in the dermis were signiﬁcantly lower, whereas telogen hair
follicles were signiﬁcantly higher. The percentage of collagen ﬁbers in the dermis and the diameter of the
epithelial cells were smaller in patients with AIDS, without signiﬁcant difference. AIDS possibly causes
immunologic and morphologic alterations in the scalp. This study may establish parameters for better clinical
and morphologic diagnostic in patients with AIDS.iângulo Mineiro/Disciplina de
beraba, MG 38025-180, Brazil.
3318 5462.
nda Corrêa).
vier OA license. © 2013 Elsevier Inc. Open access under the Elsevier OA license. 1. Introduction
The scalp is the portion of human skin with higher follicular
density and greater production of sebum. Hair keeps the scalp
warmer and slightly moister than the rest of the skin, which con-
tributes to a favorable environment for mycotic, bacterial, and
parasitic infections [1]. These infections may come into contact
through the hands or accessories such as caps and hats. It is also
known that inﬂammatory reactions may cause alterations in the scalp
epithelium morphology [2].
One of the most common types of immunosuppression in the last
decades is due to AIDS, a disease associated with dermal manifesta-
tions such as seborrheic dermatitis, folliculitis, and alopecia, the last
having considerable repercussion on the patient's self-esteem because
it affects self-image [3,4].
An increase in the number of AIDS cases has been noticed among
heterosexuals during the past years, and a feminization process ofthe syndrome has been observed [3]. One of the factors of this
process is the female vulnerability to HIV due to the relationship
between men and women in our society. In some cultures, gender-
power relations and the roles that determine the women's limited
power of sexual negotiation make them more susceptible to
unprotected sexual intercourse and, consequently, increase their
chances to HIV exposition [5].
Heterosexual HIV transmission is 63% [6]. In the subregion of
sub-Saharan Africa, the infection ratio between men and women is
1:1.2 [7], whereas in Brazil, it has been 2:1, with strong tendency to
become 1:1 [8].
The epithelial tissue undergoes deterioration of the natural
immune mechanisms due to HIV because recent studies have
identiﬁed that autopsied patients with AIDS present an increasing
frequency of morphologic and immunologic alterations in the
epithelial tissues that cover the organs such as the esophagus and
the uterine cervix [9-11]. It makes patients more susceptible to
opportunistic infections [12] because one of the main functions of the
epithelial tissue is the protection against external agents.
The study on the alterations in the scalp, especially in women, is
very important because, besides interferingwith health, theymay also
affect self-esteem and, consequently, the patients' social relationships
68 H.A. Faria et al. / Annals of Diagnostic Pathology 17 (2013) 67–71and quality of life [4]. In this context, this article aims to analyze the
immunologic and morphologic alterations in the scalp of autopsied
women with AIDS.
2. Material and methods
This study was approved by the Triângulo Mineiro Federal
University Research Ethics Committee on 30/05/10, under approval
number 1652.
Scalp postmortem samples of 28 women aged between 18 and 46
years autopsied by the General Pathology Division of the General
Hospital of Triângulo Mineiro Federal University in the state of Minas
Gerais, Brazil, were collected from 1985 to 2009.
AIDS diagnosis was made by evidence of at least 1 AIDS-deﬁning
disease presented by the patient, and all patients without AIDS were
HIV negative [13]. The samples were divided into 2 groups: women
without AIDS (n = 14) and women with AIDS (n = 14). Data
concerning age, body mass index (BMI), alterations in the scalp, and
use of highly active antiretroviral therapy (HAART) were collected
from the autopsy reports and medical protocols. Patients with and
without AIDS were matched according to age. Analyzing the clinical
history of patients with andwithout AIDS, evidence of conditions such
as prior chemotherapy, history of alopecia areata, androgenic
alopecia, or other that may affect the results described in this study
was not found. In this study, the causes of death were grouped into
cardiovascular, infectious, digestive, neoplastic, and others [14].
The scalp samples were collected from a more preserved region to
avoidmorphologic alterations that could inﬂuence the analyses of this
study. The fragments were subjected to histologic processing, and
then 4-μm-thick serial sections were cut for histochemistry and
immunohistochemistry procedures.
Hematoxylin-eosin (HE) staining was performed so as to provide
morphologic analysis of the fragments and morphometric analysis of
the thickness and number of layers in the scalp epithelium and hair
follicle. For the morphometric analysis, images of the ﬁelds were
captured using a video camera coupled with a light microscope. The
measurements were conducted through interactive image analysis
software (Image J; National Institutes of Health, Hamilton, ON,
Canada). This software enabled the performance of 5 measurements
in each ﬁeld of the epithelium by drawing straight lines. Below each
line, the cell nuclei were counted to determine the number of cell
layers in the epithelium. The cell average diameter was obtained by
dividing the thickness by the number of nuclei in each measure. In
each case, the whole extension of the scalp epithelium was captured
and quantiﬁed. The number of ﬁelds captured in each scalp fragment
ranged from 18 to 40.
The whole area of the fragment in HE staining was analyzed, and
the microscopic changes such as hyperemia and inﬂammatory
inﬁltrate were classiﬁed in a semiquantitative way, following the
criteria as follows: absent, mild when the impairment was up to 25%
of the area, moderate when the impairment was between 25% and
50% of the area, and severe when it was up to 50% of the area.
Quantiﬁcation of collagen ﬁbers was performed using Picrosirius.
Picrosirius-stained sections were evaluated by ordinary polychro-
matic and polarized light microscopes, and collagen ﬁbers were
quantiﬁed. The measurements were performed using a video camera
coupled with a light microscope, and an image analysis system
(KS300; Kontron-Zeiss; Kontron Elektronik, Carl-Zeiss, Germany). For
the analysis of elastic ﬁbers, fragments stained by Verhoeff were
examined under regular light and quantiﬁed using Leica QWin Image
Analysis software (Leica Microsystems, Wetzlar, Germany).
To calculate the number of hair follicles, serial transverse sections
were cut 1 mm above the dermal-hypodermal junction. Hair follicles
were counted in the whole extension of the scalp by using a light
microscope, and the total number of hair follicles and the percentage of
telogen were characterized by central wrinkling of the hair canal [15].Immunostaining of Langerhans cells (LCs) was performed with
anti-S100 (DAKO, England, UK), in a concentration of 1/400. The
antigen retrieval was performed with citrate buffer. The antibodies
were incubated for 2 hours (room temperature), LSAB + System-HRP
(DAKO) was used in the process of revelation and Diaminobenzidine
was used as substrate chromogen.
The LCs positively stained by immunohistochemistry were
counted in the whole extension of the scalp. The total number of
LCs was determined in each ﬁeld and was expressed as number of
cells/area (in millimeters squared). According to the literature,
mature LC presented apparent irregular-shaped dendritic, and
immature LC exhibited round shape and reduction in the number
and size of dendritic processes [16,17]. In this study, immature LCs,
the ones who presented small rounded shape and lack of dendritic
processes, were considered. This morphologic differentiation was
performed by 2 observers using a common light microscope with a
ﬁnal magniﬁcation of ×620. In each ﬁeld, the total number of CL and
how many of them were immature were counted. Accordingly, the
percentage of immature LC in each ﬁeld of the whole extension of the
scalp epithelium was determined.
Statistical analysis was conducted using SigmaStat 2.03 software
(SPSS Inc, San Rafael, CA). For variables without normal distribution
and similar variances, the Mann-Whitney test (t) was used.
Frequencies were analyzed using the Fisher exact test. The
correlation was analyzed using the Pearson test. The differences in
which the P value was less than 5% (P b .05) were regarded as
statistically signiﬁcant.
3. Results
There was no signiﬁcant age difference between the groups
observed. Body mass index was higher in the groups without AIDS,
with an average of 28.0 ± 6.0 and 22.2 ± 4.1 in patients with AIDS
(P = .006). As for the use of HAART, 57.14% of the patients with
AIDS underwent this therapy.
Most patients with AIDS, 13 (92.85%) died of infection and only 1
(7.15%) died of digestive problem. With respect to patients without
AIDS, the frequency of causes of death from digestive, cardiovascular,
infectious, neoplastic, and other causes were 0 (0 %), 5 (35.70%), 5
(35.70%), 2 (14.30%), and 2 (14.30%), respectively.
There was a decrease in all morphometric parameters observed in
the scalp dermis and epidermis, with the absence of signiﬁcant values
only in the number of total LC and in the percentage of collagen ﬁbers
in women with AIDS (Table 1 and Fig. 1). There was a positive and
signiﬁcant correlation between thickness and number of cell layers in
the scalp epidermis (r = 0.564, P = .001), without taking AIDS
diagnosis into consideration. In patients with AIDS, there was a
signiﬁcant decrease in the number of total hair follicles and a
signiﬁcant increase of telogen follicles (Table 2 and Fig. 2).
As for general pathologic processes, alterations such as hyperemia
and inﬂammatory inﬁltrate were found, with intensity varying from
moderate to high in both groups. Inﬂammatory inﬁltrate was more
frequent in patients without AIDS (P = 0,033). In the analysis of
medical records, 2 patients presented scalp lesions classiﬁed as
seborrheic dermatitis and disseminated erythematosquamous le-
sions. No scalp diseases were found in the group without AIDS.
4. Discussion
In this study, BMI values were lower in patients with AIDS. Patients
with AIDS who were HAART develop alterations in the body fat
distribution, and the main change is the loss of adipose tissue [18].
These data accord with our sample, in which 57.14% of the patients
used HAART therapy. Some other factors may contribute to weight
loss in patients with AIDS, such as the encephalic localization of the
HIV, which, although causing diseases in the central nervous system,
Table 1
Thickness, number of cellular layers, and mean cellular diameter of the scalp epidermis; number of total LCs (LCs/mm2) and immature LCs in the scalp epidermis; and percentage of
collagen and elastic ﬁbers in the scalp dermis of women without and with AIDS autopsied from 1985 to 2009
Groups n (%) Thickness (μm),
med (min-max)












Without AIDS 14 (50) 66.7 (17.1-222.7)a 13.0 (2.0-42.0)b 5.0 (2.0-33.6)c 6.5 (1.0-48.0)d 3.0 (1.0-47.0)e 15.8 (5.0-43.7)f 17.6 (6.5-52.7)g
With AIDS 14 (50) 53.9 (11.0-270.2)a 11.0 (2.00-48.00)b 4.9 (1.2-30.1)c 6.0 (1.0-48.0)d 3.0 (1.0-27.0)e 15.3 (0.5-34.5)f 12.9 (1.9-53.4)g
Total 28 (100)
Med, median; Min, minimum; Max, maximum.
a t = 13 757 836.000, P ≤ .001.
b t = 13 659 700.000, P ≤ .001.
c t = 12 620 688.000, P = .005.
d t = 361 400.000, P = .353.
e t = 344 953.000, P ≤ .001.
f t = 659 659.000, P = .052.
g t = 157 969.000, P = .001.
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synthesis of some immune mediators of the proinﬂammatory
response, for example, tumor necrosis factor and the interleukin-1
and interleukin-6, which reduce the appetite and. consequently,
contribute to cachexia (frequent in patients with AIDS) [19].
Moreover, alterations in the digestive system and the pathologic
processes, which alter the absorption and use of nutrients, contribute
to the decrease of BMI in patients with AIDS [20].
Most patients with AIDS died of infection. Accordingly, autopsy
records of immunodepressed patients indicated infectious and
parasitic diseases as the main cause of death [14].
There was a decrease in the epidermis thickness, the number of
cell layers, and cell diameters in this region. Skin acts as an important
barrier, protecting the body from environmental microorganisms, andFig. 1. Thickness of scalp epidermis and LCs in the scalp epidermis of women without and wi
×620). (B) Scalp epidermis of women with AIDS (HE, ×620). (C) Immature LCs in the sca
epidermis of women with AIDS (anti-S100, ×620).it presents high mitotic activity in both renewal and recovery of
lesions. Studies have shown that some HIV proteins can alter the cell
cycle, induce apoptosis, and affect mitosis [21,22]. As a consequence,
there is a reduction of the regenerative capacity of the scalp epidermis
and cell desquamation, which result in a decrease in epidermis
thickness and in the number of cells and result in less time for the
enlargement of the cell diameter, whichwas also reduced in our cases.
The alteration in these parameters causes local frailty, favoring
opportunistic infections on the scalp [23].
These data accord with other studies that demonstrate reduction
in the thickness and in the number of cell layers in the uterine cervix
and esophagus, also considered stratiﬁed squamous epithelia, in
patients with AIDS [9,10]. Thus, the reduction of the epithelium
thickness may have occurred due to the decrease in both the numberth AIDS autopsied from 1985 to 2009. (A) Scalp epidermis of women without AIDS (HE,
lp epidermis of women without AIDS (anti-S100, ×620). (D) Mature LCs in the scalp
Table 2
Total and telogen hair follicles in the scalp of women without and with AIDS autopsied
from 1985 to 2009




Without AIDS 14 (50) 4.00 (1.00-20.00)a 6.7 (1.6-84.0)b
With AIDS 14 (50) 3.00 (1.00-18.00)a 17.4 (2.5-94.4)b
Total 28 (100)
Med, median; min, minimum; max, maximum.
a t = 116 188.000, P = .002.
b t = 218.000, P = .031.
70 H.A. Faria et al. / Annals of Diagnostic Pathology 17 (2013) 67–71and the volume of the constituent cells. We assume that, probably, all
the cells in these epithelia may be reduced, including the ones
responsible for the local immunity. Direct or indirectly, HIV could
induce molecular mechanisms that would lead to apoptosis or to
reduction of the synthesis of intracellular components, causing
hypotrophy in different stratiﬁed squamous epithelia [10].
A reduction in the number of immature and total LC was observed
in the scalp of patients with AIDS. Langerhans cells are antigen-
presenting cells that, as well as CD4+, express the major HIV
coreceptors CCR5 and CXCR4, which make these patients susceptible
to HIV infection, acting as a reservoir for virus dissemination. Studies
show that the depletion of LC occurs through mitochondrial apoptotic
pathways. There ismitochondrialmembrane permeability, whichmay
result from p53 activation that, once phosphorylated, induces the
increase of Bcl-2–associated X protein. Bcl-2–associated X proteinmay
be transported to the mitochondrial membrane releasing cytochrome
c and apoptosis-inducing factor, promoting caspase activation and
apoptosis [21,23-25]. The immature LCs have a very active endocytic
system whose function is the antigen processing. After the contact
with the antigen, they are activated and become mature antigen-Fig. 2. Transverse sections of hair follicles in the scalp of women without and with AIDS aut
(HE, ×1600). (B) Telogenhair follicle in the scalpofwomenwithAIDS.Degenerationof the inne
in the scalp of womenwithout AIDS: normal number of hair follicles (HE, ×120). (D) Hair follicpresenting cells [16,26,27,28]. In patients with AIDS, many CLs can be
infected by HIV or by opportunistic microorganisms, resulting in
activation of these cells and, consequently, in a reduction of immature
CL in this group. These mechanisms explain the global reduction of LC
found in this study. Therefore, the weakening of the immune system
during AIDS may compromise the integrity of the scalp, altering its
immunity and making it susceptible to opportunistic infections.
There was a reduction in the percentage of collagen and elastic
ﬁbers in the scalp dermis in patients with AIDS. It is known that HIV
infects not only CD4 but also the dendritic cells, the immune system
cells, and ﬁbroblasts [29]. Studies demonstrate that skin ﬁbroblasts
are susceptible to HIV infections [30], and it is clearly stated in the
literature that HIV-infected cells may undergo apoptosis induced by
some viral proteins such as Viral protein R (Vpr) and ENV, an envelope
glycoprotein present on the surface of Human Immunodeﬁciency
Virus, involved in the development of a hydroelectrolytic imbalance in
the cell mitochondria [31,32]. Therefore, the inﬂuence of HIV on
ﬁbroblasts may be responsible for the lower amount of collagen and
elastic ﬁbers found in patients with AIDS analyzed in this study.
There was a decrease in the number of total hair follicles and an
increase of telogen follicles in patientswith AIDS. Studies demonstrate
that follicular stem cell apoptosis occurs in patients with AIDS with
diffuse noncicatricial alopecia. Apoptosis induction may be through
the activation of receptors such as Fas, tumor necrosis factor p55
receptor, and Apo2 ligand or tumor necrosis factor (TNF)-related
apoptosis-inducing ligand (Apo2L/TRAIL) receptors 1 and 2, or
through mitochondrial apoptotic pathways, mediated by the interac-
tion with the Vpr protein [21,33,34]. These mechanisms explain the
reduction in the number of total hair follicles.
Studies demonstrate that infections, particularly HIV infections,
cause deregulation of follicular cycle with cycle arrest at the anagen
phase. As a result, hair follicles turn into telogen follicles, which haveopsied from 1985 to 2009. (A) Anagen hair follicle in the scalp of women without AIDS
r root sheathand some follicular stemcells inside theoctagon(HE,×1600). (C)Hair follicles
les in the scalp of women with AIDS: reduction in the number of hair follicles (HE, ×120).
71H.A. Faria et al. / Annals of Diagnostic Pathology 17 (2013) 67–71altered inner root sheath [35]. Patients with HIV may present more
than 25% of telogen follicles, which explains hair loss [36]. These data
accord with our ﬁndings.
A higher percentage of inﬂammatory inﬁltrate was observed in the
cases without AIDS. The use of chemical products such as hair dye and
some hair styles as ponytails may cause an increase of local blood
circulation, microinjuries, and, consequently, an increase of the
inﬂammatory inﬁltrate [37].
To sum up, we believe that AIDSmay cause alterations in the scalp,
which favor the development of opportunistic infections and alopecia.
Our data collaborate with better comprehension of the AIDS silent
transformations in the scalp, which highly affects the patients' quality
of life.
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